ABSTRACT
INTRODUCTION
Wireless services have been growing firstly in each year [1] . Present third generation telecommunication system provides a more flexible data rate, a higher capacity and a tightly integrated service. Transmit a unit information is the main objective of a communication system [2] . Modulation and demodulation are the basic features for transmitting and receiving information in wireless system. Thus, modulator is a fundamental component in wireless equipment. Modern mobile and wireless communication systems adopt digital modulation scheme as an essential module for signal processing instead of previously used analog modulation. Digital modulation is very much advantageous in noise immunity and robustness to channel impairments. In cellular wireless communication, the reuse of the same allocated frequency spectrum in different geographical areas fascinates the development of large scale cellular mobile networks. Usually transmission of audio signal has to pay enormous cost of bandwidth and need to have lossless reproduction at the receiving end. Therefore, it is meaningful to investigate the performance of a wireless mobile communication system with the deployment of M-ary ( MPSK, MQAM, MFSK ) modulation schemes for audio signal. These improved and most promising digital modulation schemes are widely used due to their increased spectral efficiency [3] [4] [5] . The performance of a communication system depends on several factors, determining the bit error rate of the technique is one of them [6, 7] . The objective of this paper is to review the key performance of the main M-ary modulation schemes and compares them to each other according to their performance such as bit error rate in the presence of Additive White Gaussian Noise (AWGN). Figure 1 shows the block diagram of presented communication system model utilizing M-ary (MPSK, MQAM, MFSK) modulation scheme. This is a point-to point communication system model [8] . The figure indicates the step by step operation of each functional block. At the transmitter side, the input binary data stream obtained from the recorded voice signal. The retrieved binary data stream is passed through the other required steps (source of encoder, channel coder) as the signal has to transmit. Our main observation is concentrated to the next block (M-array modulator) of the considered communication system model where we were planned to vary the modulation order of different modulation schemes to analysis their performances. The performance and characteristics of a system is significantly depended on the choice of digital modulation scheme. There is no basic rule for choosing a scheme. However, one scheme is better than other depending of the channel, required levels of performance and target hardware trade-offs [9] . Nevertheless, it also must be considered the required data rate, latency, link budget as well as available bandwidth. At the receiver side, the received signal is demodulated, and passed through the other subsequent blocks in order to reproduce the transmitted speech signal. 
COMMUNICATION SYSTEM MODEL

ANALYSIS OF THE M-ARY SYSTEMS
The performance of M-ary phase shift keying (PSK), M-ary quadrature amplitude modulation (QAM) and M-ary frequency shift keying (FSK) for a considered wireless communication system are evaluated in terms of bit error probability. The expressions of error probability are derived using bounds and approximations to analyze and compare the performance.
Error Probability of MPSK
The bit error probability P MPSK for M-ary PSK modulation scheme is given by [10, 11] But we can not say the Eq. (1) is a closed form. Therefore, we have to calculate it numerically, which is not so easy. To do this, we have to take some approximations to calculate the error probability. If we apply union boundary conditions and variants then the Eq.(1) can be written as
which gives
and for large value of M, Eq.(3) can be written as
The closed forms of Eq.(1) are equations (3) and (4) for first and second approximation, respectively. These equations can be applied to calculate the error probability in terms of SNR per bit. It is necessary to increase the transmitted power in order to maintain the same performance level for higher M.
Error probability of MQAM
The bit error probability P MQAM for M-ary QAM modulation scheme is given by [10, 11] ( )
To simplify this equation we can employ some further approximations in order to calculate the error probabilities, which are listed below. , ) 1 (
and for large value of M
Error probability of MFSK
The bit error probability P MFSK for M-ary FSK modulation scheme is given by [8, 12] MFSK shows in contrast to the other modulation schemes, the error probability decreases as M increases.
SIMULATION RESULTS AND COMPARISON
M-ary modulations schemes in wireless communication systems are analyzed using voice signal as a function of bit error rate (BER). This is a simulation work dome by Matlab. The work deals the recorded voice signal which is transmitted though AWGN channel where fading channels like Rayleigh fading and Ricean fading channel are not considered. Figure 3 shows the comparison of MPSK, MFSK and MQAM as a bit error probability for modulation order M=2. The bit error rate is sharply decreased with respect to signal to noise ratio. From this figure, it is clear that, the performance of MPSK is better than that of others. However, MPSK and MQAM show almost smaller result whereas MFSK shows higher bit error rate. More that one order of magnitude higher BER value can be found in MFSK at the SNR=6 dB than that of other modulation techniques. Reproduction of original voice signal with modulation order M=2 is shown in Figure 4 . As we mention earlier that MPSK and MQAM show similar value which is also found in the reproduced signals ( 4.a and 4.b). On the other hand, figure 4 .c shows distortion in the reproduced signal of MFSK. figure 6 . From figure  4 and 6, it is found that MFSK shows worst value. Therefore, it can be pointed out that the MFSK technique is not suitable for lower modulation order for transmitting audio signal. On the other hand, MFSK achieves better performance in contrast to other modulation schemes according to bit error rate with increasing the value of modulation order that is shown in figure  7 . Similar result has been found elsewhere [4] . The reproduction original signal has huge distortion shown in figure 8 suggest that the higher modulation order is not suitable here even though the BER is smaller. However, in compression between figure 3 and 5, it is clearly observed that for a fixed SNR value (SNR=6 dB), MPSK shows better BER performance than that of MQAM. Because, approximately 9 and 14 times lower BER value can be found in MQAM and MPSK scheme, respectively for modulation order M=2 than that of M=4. Therefore, we can say that MPSK outperform when the modulation order M=2. We also found that the BER value is directly proportional to the modulation order shown in figure 9 .
From Figure 3 , Figure 5 and Figure 7 , it is also observed that, in order to maintain a given performance level, it is possible to increase the transmitted power as in the MPSK and MQAM or the transmitted bandwidth as in the MFSK for recorded audio signal through a wireless communication system. Because the transmission bandwidth is fixed in modulation techniques MPSK and MQAM, but it increases exponentially by 2 2k as M increases. The transmitted power, on the other hand, in MFSK modulation technique is basically independent of k, but the transmitted bandwidth increases exponentially by 2 k as M increases.
CONCLUSION
The performances of M-ary modulation schemes for wireless and mobile communication system under AWGN channel are evaluated using bit error probability in order to transmit the recorded voice signals. Based on the results obtained in the present study, it can be seen that the MPSK and MQAK are showing better performance for lower modulation order whereas these are inferior with higher M. Therefore, it can be concluded that the lossless reproduction of recorded voice signal can be achieved at the receiver end with a lower modulation order.
